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Self-assembly is a spontaneous process by which unordered systems of monomers organize into ordered
structures as the result of non-covalent interactions and lies behind a number of biological
nanostructures. Supramolecular spontaneous assembly of high molecular weight peptides or peptides
conjugated with non-peptidic molecules has been reported. Less is known on the self-assembly of short
peptides alone which self-organize predominantly into nanotubes and nanofibers. Spherical (micellar
and vesicle-like) architectures are rarely described although they appear very attractive, due to
promising applications in biomedicine and nanotechnology.1 Besides the numerous advantages of using
peptides containing natural amino acids for nanostructures, they present some limitations such as low
bio-stability and unstable conformation especially when they are short or medium-sized. The insertion of
unnatural amino acids in the peptide sequences is a well-known tool to overcome these problems.2
Here we report on the preparation and self-assembly of short hydrophobic peptides able to stabilize the
formation of supramolecular spherical shape assemblies in water. Two diastereoisomeric pentapeptides
AcAla-NRB-Ala-Aib-AlaNH2 1 and 2, containing the unnatural constrained norbornene amino acid (NRB)
3, were prepared. Interestingly, peptides 1 and 2 are insoluble in organic solvents but completely soluble
in water despite the presence of hydrophobic non polar norbornene scaffold. An interesting feature of
these peptides is also the presence of the C-C double bond in the norbornene scaffold, which could
allow the easy labelling of the system introducing a variety of useful biotag.
Synthesis of norbornene amino acid 3
Synthesis of pentapeptides 1 and 2
Oligopeptide
Mean size
(nm)
PdI
1 357.0 0.117
2 322.9 0.195
1+2 369.1 0.185
DLS analysis
DLS results. Summary of particle mean size, index of polydispersity
(PdI) and derived count rate (kcps) of 1 and 2. Each value
represents the mean of different measurements.
Size distribution by intensity of 1 (straight line) and 2 (dash line)
oligopeptides, as well as their mixture (dotted line)
Sample peak1 %peak1 peak2 %peak2
Derived
count
rate
1+2 in 
FBS
76.1 56.8 358 35.0 1656
FBS 
control
77.5 79.0 - - 960
1+2 in 
H2O
- - 397 100 407
Conformational analysis
For peptides 1 and 2 in methanol we
observe four amidic protons which
show a reduced variation of chemical
shift in function of temperature. This is
an indication of their involvement in a
stable secondary structure.
For the same analysis in water we
observe a similar trend but the mobility
of NMR signal of amidic protons is
higher. This indicates the absence of
stable secondary structures
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Non-magnetic equivalence (NME) of
diastereotopic aib methyl groups. The values were
extrapolated by Heteronuclear Single Quantum
Coherence (HSQC) experiment. High values
observed in CD3CN and CD3OD for both peptides
are diagnostic for presence of stable secondary
structures. The low values in D2O indicate that
secondary structures are not stable in water.
Peptide
NME
CD3CN 
(ppm)
NME
CD3OD
(ppm)
NME
D2O
(ppm)
1 3.4 1.9 0.3
2 3.8 2.8 0.8
The presence of NOE
effects between CaHi
and NHi+3 (red arrows
in pictures) is
diagnostic of stable
helical conformation
in methanol.
The presence of NOE
effect between CaHi
and NHi+2 (blue
arrows) is diagnostic
of the presence of 310
helix.
Hypothesis on the stereochemistry of norbornene amino acid
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Ala5H-NRB2H1
In Nuclear Overhauser Effect Spectroscopy (NOESY) experiments in CD3OH, NOE effect between protons of methyl group of Ala5 and H1 proton of
norbornene amino acid was observed only for peptide 2. Considering the mutual distances observed in computational models of peptides 1 and 2, such
NOE effect is possible for only one enantiomer of norbornene amino acid. On the basis of this result we suppose that the peptide indicated as 1 could
contain the S,S,S enantiomer and therefore the peptide indicated as 2 could contain the R,R,R enantiomer. Moreover other NOE effects between H1, H3,
H4 and H7 of the norbornene scaffold and protons of the other amino acids of the peptide chain, support our hypothesis.
Product 2
Stability in serum
1+2 in FBS 
FBS control
1+2 in H
2
O
Stability in fetal bovin serum (FBS) of self-assembled supramolecular architectures. A
mixture of peptides 1 and 2 has been dissolved in water (1.5 mg in 300 mL), formation
of supramolecular architectures was testes by DLS. The solution has been added to
bovine purified serum and the presence and persistence of the nanostructures have
been tested again by DLS.
TEM micrographs of the mixture of
peptides 1 and 2. The sample was
prepared by dissolving peptides 1
and 2 in water (5.0 mg/mL). For
TEM analysis, the sample was
further diluted 1:100 in water and
deposited on a formvar-coated
copper grid, then excess solution
was removed with filter paper.
Measurements were performed
with a FEI Tecnai G2 (Eindhoven)
instrument. According to TEM, the
size of the supramolecular
architectures was 50-70 nm.
Nuclear Overhauser Effect Spectroscopy (NOESY) of 1 and 2 in
CD3OH. The presence of NOE effects between NHi and NHi+1 (red
arrows in picture above) is diagnostic of stable helical
conformation in methanol
